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PATENT 
32860-000203 

IN THE U.S. PATENT AND TRADEMARK OFFICE 

Ulrich ADAMS 
PCT/DE00/01503 
NEW 

November 28, 2001 

INSPECTION DEVICE FOR AN ANNULAR COMBUSTION 
CHAMBER OF A GAS TURBINE AND METHOD OF 
INSPECTING AN ANNULAR COMBUSTION CHAMBER OF A 
GAS TURBINE 

PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents November 28 , 200 1 

Washington, DC 20231 

Sir: 

The following preliminary amendments and remarks are respectfully submitted in 
connection with the above-identified application. 
IN THE ABSTRACT 

Please replace the Abstract with the attached revised Abstract. 
IN THE CLAIMS 

Please replace the original claims with the following new claims: 
1. (Amended) A remote-controlled inspection device for an annular combustion 
chamber of a gas turbine, comprising: 

a remotely steerable drive mechanism; 
a moveable video camera; 
a lighting arrangement; 
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a carrying framework for the video camera, for the drive mechanism and for 
the lighting arrangement; and 

means for transmitting video images from the video camera to an evaluation 

arrangement. 

2. (Amended) The inspection device as claimed in claim 1, wherein the drive 
mechanism includes an electric motor and wheels, at least one of said wheels being drivable 
by the electric motor. 

3. (Amended) The inspection device as claimed in claim 1, wherein the drive 
mechanism includes a C-shaped rail, by way of which the carrying framework is capable of 
traveling. 

4. (Amended) The inspection device as claimed in claim 1, wherein the drive 
mechanism includes an articulated arm, on which the carrying framework is mounted. 

5. (Amended) A method for inspecting an annular combustion chamber of a gas 
turbine, comprising: 

introducing a video camera, by remote steering, into the annular combustion 

chamber; 

pivoting the video camera in such a way that video images of regions of 
internal walls of the annular combustion chamber are recorded by the video camera; and 

transmitting video images to an evaluation arrangement positioned outside the 
annular combustion chamber. 
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Please add the following new claims: 

6. The inspection device as claimed in claim 2, wherein the drive mechanism 
includes a C-shaped rail, by way of which the carrying framework is capable of traveling. 

7. An apparatus for inspecting an annular combustion chamber of a gas turbine, 
comprising: 

means for introducing a video camera, by remote steering, into the annular 
combustion chamber; 

means for pivoting the video camera in such a way that video images of 
regions of internal walls of the annular combustion chamber are recorded by the video 
camera; and 

means for transmitting video images to an evaluation arrangement positioned 
outside the annular combustion chamber. — 

REMARKS 

Claims 1-7 are now present in this application, with new claims 6 and 7 being added 
by the present Preliminary Amendment. It should be noted that the amendments to original 
claims 1-7 of the present application are non-narrowing amendments, made solely to place the 
claims in proper form for U.S. practice and not to overcome any prior art or for any other 
statutory considerations. For example, amendments have been made to broaden the claims; 
remove reference numerals in the claims; remove multiple dependencies in the claims; and to 
place claims in a more recognizable U.S. form, including the use of the transitional phrase 
"comprising". Other such non-narrowing amendments include reorganizing apparatus-type 
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claims and method claims (setting elements forth in separate paragraphs) in a more 
recognizable U.S. form. Again, all amendments are non-narrowing and have been made 
solely to place the claims in proper form for U.S. practice and not to overcome any prior art 
or for any other statutory considerations. 

SUBSTITUTE SPECIFICATION 

In accordance with 37 C.F.R. §1.125, a substitute specification has been included in 
rn lieu of substitute paragraphs in connection with the present Preliminary Amendment. The 
yg substitute specification is submitted in clean form, attached hereto, and is accompanied by a 
O marked-up version showing the changes made to the original specification. The changes have 
been made in an effort to place the specification in better form for U.S. practice. No new 
matter has been added by these changes to the specification. Further, the substitute 

fit; 

r y specification includes paragraph numbers to facilitate amendment practice as requested by the 
D U.S. Patent and Trademark Office. 

CONCLUSION 

Accordingly, in view of the above amendments and remarks, an early indication of the 
allowability of each of claims 1-7 in connection with the present application is earnestly 
solicited. 

Should there be any outstanding matters that need to be resolved in the present 
application, the Examiner is respectfully requested to contact Donald J. Daley at the 
telephone number of the undersigned below. 
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If necessary, the Commissioner is hereby authorized in this, concurrent, and future 
replies, to charge payment or credit any overpayment to Deposit Account No. 08-0750 for any 
additional fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; particularly, 
extension of time fees. 
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ABSTRACT OF THE DISCLOSURE 

A remote-controlled inspection device is for an annular combustion chamber of a gas 
turbine. Inspection takes place by using a video camera. Inspection by using the inspection 
device achieves a considerable reduction in the inspection time and an accurate 
documentation of the wear of the annular combustion chamber. 



Description 

Inspection device for an annular combustion chamber of 
a gas turbine and method for inspecting an annular 
combustion chamber of a gas turbine 



The invention relates to a remote-controlled inspection 
device for an annular combustion chamber of a gas 
turbine. The invention relates, furthermore, to a 
method for inspecting an annular combustion chamber of 
a gas turbine . 

US patent specification 4,255,762 discloses a device 
for inspecting tubes. An optical system for recording 
test images of the inner surface of the tubes is 
mounted on a test head of the device. The test device 
has a positioning mechanism, by means of which the test 
head can be moved in translational and rotational 
motion. Video images in a tube surface can be presented 
outside the tube by means of an evaluation arrangement. 
The test head is guided contactlessly in the tube by 
means of a clearance sensor. 

DE 41 32 281 Al shows a drive assembly for travel 
through a pipeline. The drive assembly has a drive, a 
plurality of sun wheels driven in rotation by the 
drive, in each case at least two planet wheels meshing 
with each sun wheel and a plurality of driving wheels 
with running surfaces. The running surfaces are pressed 
against the inner wall surface of the tube as a result 
of the orbital rotation of the planet wheels. A travel 
probe, which is operated as an inspection unit for 
travel through a pipeline network with bends and 
branches, consists of the coupling of two of the drive 
assemblies described above. The drive assemblies are 
mounted at the front and rear ends of a bendable 
device. Jolt-free travel through a pipeline network 
thereby becomes possible. 
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The object of the invention is to specify how 
inspection of an annular combustion chamber of a gas 
turbine can be carried out quickly, cost-effectively 
and, in terms of reliable fault detection, in a 
5 particularly effective way. 

To achieve this object, according to the invention, a 
remote-controlled inspection device for an annular 
combustion chamber of a gas turbine is specified, which 

10 has a remotely steerable drive mechanism, a moveable 
video camera, a lighting arrangement, a carrying 
framework for the video camera, the drive mechanism and 
the lighting arrangement, and means for transmitting 
video images from the video camera to an evaluation 

1 5 arrangement . 

A combustion chamber of a gas turbine is a region 
subjected to very high thermal load. Such a combustion 
chamber has a heat-resistant inner lining. This inner 
2 0 lining is exposed to considerable oxidation and 
corrosion. This leads to wear which must be detected at 
an early stage before consequential damage induced by 
the wear occurs* Precisely in the case of inner linings 
designed for extreme thermal loads, often complex 

2 5 coating systems are applied to the inner lining in 

order to protect this. A local flaking of this coating 
must be detected at an early stage and reliably. Gas 
turbine burners which are likewise exposed to an 
extremely high thermal load issue into the combustion 

3 0 chamber. Particularly the swirl grids of such a burner 

which serve for generating a backflow stabilizing 
combustion must be checked regularly for wear. Finally, 
a first gas turbine guide-vane row following the 
combustion chamber is also exposed to extremely high 
35 thermal loads. Here, too, a regular and accurate check 
of the surface of the guide vanes is necessary. 

The combustion chamber of a gas turbine has hitherto 
been tested by a direct visual inspection of the state 
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of the combustion chamber. In this case, either the gas 
turbine combustion chamber was opened at considerable 
outlay, to an extent such that access to all the 
regions to be tested was possible, or, where a very 
5 large stationary gas turbine was concerned, at least a 
part region of the combustion chamber was tested via 
manhole access. The assessment of an actual state of 
wear and, in particular, the detection of possibly 
critical regions requiring maintenance make it 

10 necessary to have highly experienced personnel. On 
account of this very critical test and because of the 
basic accessibility of a gas turbine combustion chamber 
by direct visual inspection, it has hitherto not been 
considered, or at any rate held to be technically 

15 feasible, to conduct a check by means of a remote- 
controlled optical detection system. Moreover, 
precisely where an annular combustion chamber is 
concerned, there is a complex inner geometry which, for 
a remote-controlled system, is accessible only with 

2 0 difficulty to an extent such that even all the regions 

to be tested can in actual fact be checked reliably. 

The invention overcomes this prejudice. The invention, 
in this case, is based on the knowledge that, by means 
25 of such a remote-controlled inspection device with a 
video camera system, considerable additional advantages 
can be achieved, as compared with direct visual 
inspection, which have hitherto not be considered at 
all. On the one hand, by means of the remote-controlled 

3 0 inspection device, the complete annular combustion 

chamber can be inspected by manhole access, without the 
annular combustion chamber in this case being opened 
further. This results in considerable reductions in 
inspection times. Moreover, with the aid of the video 
35 system, the state of the combustion chamber can be 
documented accurately. Thus, for example, a comparison 
with earlier inspections and therefore, for example, a 
check of the rate of progress of wear are possible and 
even quantifiable. Furthermore, with the aid of video 
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detection, it becomes possible to assess the state of 
the combustion chamber independently of the location of 
the gas turbine. Thus, for example, inspection could 
take place according to an automated sequence and then 
the assessment of the state of wear of individual 
regions could be monitored, for example, centrally in a 
know-how center. Consequently, any existing problem 
areas in gas turbines of the same type can also be 
identified comprehensively in terms of machinery. 
Furthermore, the remote-controlled inspection device 
makes it possible, if necessary, by means of a position 
check to have an accurate assignment of positions of 
fault areas. Consequently, for example, fault 
elimination can take place specifically, during later 
maintenance, on the basis of the inspection data. 

The drive mechanism preferably has an electric motor 
and wheels, at least one of said wheels being capable 
of being driven by the electric motor. The inspection 
device is thus designed as a vehicle which moves 
independently on wheels through the annular combustion 
chamber . 

The drive mechanism preferably has an, in particular, 
C-shaped rail, by means of which the carrying framework 
is capable of traveling. In this embodiment, therefore, 
the video camera mounted on the carrying framework and 
having the lighting arrangement is introduced into the 
combustion chamber via a C-shaped rail. This rail may, 
for example, be extendable telescopically . By this rail 
being introduced into the annular combustion chamber 
via a manhole, it is thus possible to inspect the 
annular combustion chamber by means of a video camera 
mounted on the rail. 

The drive mechanism preferably has an articulated arm, 
on which the carrying framework is mounted. This 
embodiment corresponds, in terms of the way it 
functions, to the rail inasmuch as the video camera and 
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the lighting system are introduced via a suitable 
point, for example the manhole, into the annular 
combustion chamber and are guided from there through 
the annular combustion chamber by remote steering. In 
this case, too, no further uncovering of the annular 
combustion chamber is necessary. 

The object is also achieved, according to the 
invention, by means of a method for inspecting an 
annular combustion chamber of a gas turbine, in which a 
video camera is introduced, by remote steering, into 
the annular combustion chamber and is pivoted in such a 
way that video images of regions of the internal walls 
of the annular combustion chamber are recorded by the 
video camera, said video images being transmitted to an 
evaluation arrangement positioned outside the annular 
combustion chamber. The advantages of such a method 
correspond to the statements made above with regard to 
the advantages of the inspection device. 

The exemplary embodiments of the invention are 
explained in more detail by means of the drawing in 
which, partially diagrammatically and not true to 
scale, 



fig. 1 shows a longitudinal section through a gas 
turbine , 

fig. 2 shows an inspection device designed as a 
vehicle, 

fig. 3 shows an inspection device arranged on 

telescopic rail, and 
fig. 4 shows an inspection device with an articulated 

arm. 



Identical reference symbols have the same significance 
in the figures. 



Fig. 1 shows a gas turbine 1. A compressor 3, an 
annular combustion chamber 5 and a turbine part 7 are 
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disposed in succession and so as to be connected to one 
another. The annular combustion chamber 5 forms, by 
virtue of an inner internal wall 9 and an outer 
internal wall 11, a ring-shaped annular space 10 
narrowing in the direction of the turbine part 7 . At 
the compressor- side end of the annular combustion 
chamber 5, a gas turbine burner 13 issues into the 
annular combustion chamber 5. A first guide-vane row 15 
of the turbine part 7 is disposed at that end of the 
annular combustion chamber 5 located on the turbine- 
part side. 

Ambient air 17 is compressed by the compressor 3 and 
fed to the gas turbine burner 13 . Fuel is admixed with 
the compressor air 17 in the gas turbine burner 13 and 
is ignited in the annular combustion chamber 5. The hot 
exhaust gas 19 thus occurring is delivered to the 
turbine part 7. The temperatures of more than 1000°C 
occurring at the same time subject all the components 
of the annular combustion chamber 5 to extremely high 
load. The annular combustion chamber 5 is therefore 
provided with an inner lining, not illustrated in any 
more detail here, which absorbs the thermal load caused 
by the hot exhaust gas 19. This inner lining consists, 
for example, of combustion chamber bricks which may be 
provided, in addition, with a corrosion and oxidation 
protective layer and with a ceramic heat-insulating 
layer. The first guide-vane row 15 and the mouth region 
of the gas turbine burner 13 are also subjected to 
extremely high thermal load. The high thermal load 
leads to oxidation and corrosion and may also result, 
for example, in material being stripped off, cracks, 
deformations, carbonization or flaking. Erosion due to 
foreign bodies entrained in the exhaust gas is likewise 
possible. The annular combustion chamber 5 must 
therefore be monitored regularly for such wear 
phenomena. For this purpose, a remote-controlled 
inspection device 21 is introduced into the annular 
combustion chamber 5. The inspection device 21 has a 
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carrying framework 24. The carrying framework 2 4 is 
formed by a lower frame 23 and an upper frame 25. Four 
wheels 29 are mounted in each case both on the lower 
frame 23 and on the upper frame 25. A translational 
5 rail 31 is mounted on the end face of the inspection 
device 21. A video camera 33, together with a lighting 
arrangement 35, is mounted on said translational rail 
so as to be moveable in translational motion from a 
burner-side end to a turbine-side end of the annular 

10 combustion chamber. The video camera 33 and the 
lighting arrangement 3 5 are held pivotably in an 
articulated fork 37. The articulated fork 37 is held 
rotatably on a shank 39. The combination of the 
translational motion on the translational rail 31 with 

15 the rotational motion of the shank 39 and the pivoting 
motion in the articulated fork 37 allows a complete 
inspection of the internal walls 9, 11 of the mouth 
region of the gas turbine burner 13 and of the first 
guide-vane row 15. A control and supply arrangement 41 

2 0 disposed on the shank 39 serves for driving the 
movement for the video camera 33 and the electrical 
supply of the video camera 33 or the lighting system 
35. Furthermore, preamplif ication of the video signal 
may take place in the control and supply unit 41. The 

2 5 video signal is conducted out of the annular combustion 
chamber 5 via a line 43. The power supply for the 
control and supply arrangement 41 also takes place via 
the line 43 . 

30 By means of the remote-controlled inspection device 21, 
a complete inspection of the annular combustion chamber 
5, without a complicated covering or uncovering of said 
annular combustion chamber, may be carried out. This 
results in a considerable reduction in inspection time. 

35 Furthermore, storable documentation capable of being 
understood, irrespective of location, is made possible 
by the video detection of the state of the combustion 
chamber. Specialized personnel can thus assess the 
state of the annular combustion chamber 5 irrespective 
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of the location of the gas turbine 1. Moreover, 
progress of wear and quantification of the rate of 
progress of wear are possible by comparison with 
previous inspections. The remote-controlled inspection 
device 21 thus provides, as it were, a three- 
dimensional and time-related mapping of the state of 
the annular combustion chamber. As compared with a 
hitherto conventional inspection by direct visual 
inspection, therefore, there are entirely new 
possibilities for quantifying the thermally induced 
wear in the annular combustion chamber 5 . 

Fig. 2 shows a top view of an inspection device 21. The 
inspection device 21 has an electric motor 45. The 
electric motor 45 drives two of the wheels 29 via a 
shaft 47. A power supply of the electric motor 45 takes 
place via a supply line 49. The transmission of video 
images takes place via the line 43, as in fig. 1, the 
line 43 being connected to an evaluation arrangement 
51. The evaluation arrangement 51 has a monitor 53 on 
which the video images can be displayed directly. The 
evaluation arrangement 51 also has a storage unit 55, 
via which the video images can be stored. Furthermore, 
video images of previous inspections can be retrieved 
by means of the storage arrangement 55. At the same 
time, a location-synchronized parallel display of 
current inspection images with previous inspection 
images can be carried out, so that a change in the 
state of wear becomes immediately visible. A power 
supply arrangement 57 serves for the power supply of 
the electric motor 45. 

Fig. 3 shows a further embodiment of the remote- 
controlled inspection device 21. The video camera 33 
and the lighting system 35 are introduced into the 
annular combustion chamber 5 via a telescopically 
extendable rail 61. A manhole 63 serves as access in 
this case. The rail 61 is C~shaped and can travel 
around half the circumference of the annular combustion 
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chamber 5. The carrying framework 24 for the video 
camera 33 and the lighting system 35 is either moved 
through the annular combustion chamber 5 by means of 
the rail 61 or the carrying framework 24 is mounted so 
as to be capable of traveling on the rail 61. 

Fig. 4 shows a further embodiment of the inspection 
device 21. in this case, the carrying framework 24 for 
the video camera 33 and the lighting system 35 is moved 
through the annular combustion chamber by means of an 
articulated arm 71. 
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SUBSTITUTE SPECIFICATION 



INSPECTION DEVICE FOR AN ANNULAR COMBUSTION CHAMBER OF A GAS 
TURBINE AND METHOD OF INSPECTING AN ANNULAR COMBUSTION 

CHAMBER OF A GAS TURBINE 

[0001] This application is the national phase under 35 U.S.C. § 371 of PCT International 
Application No. PCT/DEOO/01503 which has an International filing date of May 12, 2000, 
which designated the United States of America, 
incorporated by reference. 



the entire contents of which are hereby 



Field of the Invention 

[0002] The invention generally relates to a remote-controlled inspection device for an 
annular combustion chamber of a gas turbine. Preferably, it relates to a method for inspecting 
an annular combustion chamber of a gas turbine. 

Background of the Invention 

[0003] US patent specification 4,255,762 discloses a device for inspecting tubes. An optical 
system for recording test images of the inner surface; of the tubes is mounted on a test head of 
the device. The test device has a positioning mechanism, by which the test head can be 
moved in translational and rotational motion. Video images in a tube surface can be presented 
outside the tube by way of an evaluation arrangement. The test head is guided contactlessly in 
the tube by way of a clearance sensor. 
[0004] DE 41 32 281 Al shows a drive assembly 
assembly has a drive, a plurality of sun wheels driveb in rotation by the drive, in each case at 
least two planet wheels meshing with each sun whepl and a plurality of driving wheels with 
running surfaces. The running surfaces are pressed 
as a result of the orbital rotation of the planet wheels), 
inspection unit for travel through a pipeline networ' r 
coupling of two of the drive assemblies described above. The drive assemblies are mounted 
at the front and rear ends of a bendable device. Jolf-free travel through a pipeline network 
thereby becomes possible. 



for travel through a pipeline. The drive 



gainst the inner wall surface of the tube 
. A travel probe, which is operated as an 
t with bends and branches, includes the 



SUMMARY OF THE INVENTION 



[0005] An object of the invention is, for example, to specify how inspection of an annular 
combustion chamber of a gas turbine can be carried out quickly, cost-effectively and, in terms 
of reliable fault detection, in a particularly effective way. 



ii 
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a region subjected to very high thermal 



[0006] To achieve this object, according to one aspect of the invention, a remote-controlled 
inspection device for an annular combustion chamber of a gas turbine is specified. 
Preferably, it has a remotely steerable drive mechanism, a moveable video camera, a lighting 
arrangement, a carrying framework for the video camera, the drive mechanism and the 
lighting iirrangement, and device for transmitting \jideo images from the video camera to an 
evaluation arrangement. 

[0007] A combustion chamber of a gas turbine is 
load. Such a combustion chamber has a heat-resistant inner lining. This inner lining is 
exposed to considerable oxidation and corrosion. This leads to wear which must be detected 
at an early stage before consequential damage induced by the wear occurs. Precisely in the 
case of inner linings designed for extreme thermal loads, often complex coating systems are 
applied to the inner lining in order to protect this. A local flaking of this coating should be 
detected at an early stage and reliably. Gas turbine burners which are likewise exposed to an 
extremely high thermal load issue into the combustion chamber. Particularly the swirl grids 
of such a burner which serve for generating a backflow stabilizing combustion must be 
checked regularly for wear. Finally, a first gas turbine guide-vane row following the 
combustion chamber is also exposed to extremely high thermal loads. Here, too, a regular and 
accurate check of the surface of the guide vanes is necessary. 

[0008] The combustion chamber of a gas turbine has hitherto been tested by a direct visual 
inspection of the state of the combustion chamber. In this case, either the gas turbine 
combustion chamber was opened at considerable outlay, to an extent such that access to all 
the regions to be tested was possible, or, where a very large stationary gas turbine was 
concerned, at least a part region of the combustion chamber was tested via manhole access. 
The assessment of an actual state of wear and, in particular, the detection of possibly critical 
regions requiring maintenance make it necessary to 
account of this very critical test and because of the basic accessibility of a gas turbine 
combustion chamber by direct visual inspection, it has hitherto not been considered, or at any 
rate held to be technically feasible, to conduct a check by using a remote-controlled optical 
detection system. Moreover, precisely where an annular combustion chamber is concerned, 
there is a complex inner geometry which, for a remote-controlled system, is accessible only 
with difficulty to an extent such that even all the regions to be tested can in actual fact be 
checked reliably. 



have highly experienced personnel. On 



invention, in this case, is based on the 
inspection device with a video camera 



[0009] The invention overcomes this prejudice. The 
knowledge that, by use of such a remote-controlled 
system, considerable additional advantages can be achieved, as compared with direct visual 
inspection, which have hitherto not be considered at all. On the one hand, by using the 
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;ric motor and wheels, at least one of said 



remote-controlled inspection device, the complete annular combustion chamber can be 
inspected by manhole access, without the annular combustion chamber in this case being 
opened further. This results in considerable reductions in inspection times. Moreover, with 
the aid of the video system, the state of the combustion chamber can be documented 
accurately. Thus, for example, a comparison with earlier inspections and therefore, for 
example, a check of the rate of progress of wear are possible and even quantifiable. 
Furthermore, with the aid of video detection, it becomes possible to assess the state of the 
combustion chamber independently of the location of the gas turbine. Thus, for example, 
inspection could take place according to an automated sequence and then the assessment of 
the state of wear of individual regions could be monitored, for example, centrally in a know- 
how center. Consequently, any existing problem areas in gas turbines of the same type can 
also be identified comprehensively in terms of machinery. Furthermore, the remote- 
controlled inspection device makes it possible, if necessary, by using a position check to have 
an accurate assignment of positions of fault areas. Consequently, for example, fault 
elimination can take place specifically, during later maintenance, on the basis of the 
inspection data. 

[00010] The drive mechanism preferably has an eled 
wheels being capable of being driven by the electiic motor. The inspection device is thus 
designed as a vehicle which moves independently on wheels through the annular combustion 
chamber. 

[00011] The drive mechanism preferably has an, in particular, C-shaped rail, by way of which 
the carrying framework is capable of traveling. In this embodiment, therefore, the video 
camera mounted on the carrying framework and having the lighting arrangement is 
introduced into the combustion chamber via a C-shaped rail. This rail may, for example, be 
extendable; telescopically. By this rail being introduced into the annular combustion chamber 
via a manhole, it is thus possible to inspect the annular combustion chamber by using a video 
camera mounted on the rail. 

[00012] The drive mechanism preferably has an articulated arm, on which the carrying 
framework is mounted. This embodiment corresponds, in terms of the way it functions, to the 
rail inasmuch as the video camera and the lighting system are introduced via a suitable point, 
for example the manhole, into the annular combustion chamber and are guided from there 
through the annular combustion chamber by remote steering. In this case, too, no further 
uncovering of the annular combustion chamber is necessary. 

[00013] An object is also achieved, according to the invention, by a method for inspecting an 
annular combustion chamber of a gas turbine, in Which a video camera is introduced, by 
remote steering, into the annular combustion chamber and is pivoted in such a way that video 
images of regions of the internal walls of the annular combustion chamber are recorded by 
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the video camera, the video images being transmitted 
positioned outside the annular combustion chandber 
correspond to the statements made above with re 
device. 



to an evaluation arrangement 
. The advantages of such a method 
gard to the advantages of the inspection 



BRIEF DESCRIPTION OF THE DRAWINGS 



[00014] The exemplary embodiments of the invention are explained in more detail by way of 
the drawing in which, partially diagrammatically anji not true to scale, 

Fig. 1 shows a longitudinal section through 

Fig. 2 shows an inspection device designed 

Fig. 3 shows an inspection device arranged 

Fig. 4 shows an inspection device with an aiticulated arm. 
[00015] Identical reference symbols have the same significance in the figures. 



a gas turbine, 

as a vehicle, 

on telescopic rail, and 



DETAILED DESCRIPTION OF THE PBJEFERRED EMBODIMENTS 



3, an annular combustion chamber 5 and 
as to be connected to one another. The 



[00016] Fig. 1 shows a gas turbine 1. A compressor 
a turbine part 7 are disposed in succession and so 
annular combustion chamber 5 forms, by virtue ojf an inner internal wall 9 and an outer 
internal wall 11, a ring-shaped annular space 10 narrowing in the direction of the turbine part 
7. At the compressor-side end of the annular combustion chamber 5, a gas turbine burner 13 
issues into the annular combustion chamber 5. A first guide-vane row 15 of the turbine part 7 
is disposed at that end of the annular combustion chamber 5 located on the turbine-part side. 
[00017] Ambient air 17 is compressed by the compressor 3 and fed to the gas turbine burner 
13. Fuel is admixed with the compressor air 17 in the gas turbine burner 13 and is ignited in 
the annular combustion chamber 5. The hot exhaust gas 19 thus occurring is delivered to the 
turbine part 7. The temperatures of more than 1000°C occurring at the same time subject all 
the components of the annular combustion chamber 5 to extremely high load. The annular 
combustion chamber 5 is therefore provided with an 
detail here, which absorbs the thermal load caused 
lining includes, for example, combustion chamber brijcks which may be provided, in addition, 
with a corrosion and oxidation protective layer and vjdth a ceramic heat-insulating layer. The 
first guide-blade row 15 and the mouth region of the 
to extreme [y high thermal load. The high thermal lokd leads to oxidation and corrosion and 
may also result, for example, in material being stripped off, cracks, deformations, 
carbonization or flaking. Erosion due to foreign bodies entrained in the exhaust gas is 
likewise possible. 



inner lining, not illustrated in any more 
by the hot exhaust gas 19. This inner 



gas turbine burner 13 are also subjected 
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[00018] The annular combustion chamber 5 must therefore be monitored regularly for such 
wear phenomena. For this purpose, a remote-controlled inspection device 21 is introduced 
into the -annular combustion chamber 5. The inspection device 21 has a carrying framework 
24. The carrying framework 24 is formed by a lower frame 23 and an upper frame 25. Four 
wheels 29 are mounted in each case both on the low er frame 23 and on the upper frame 25. A 
translational rail 31 is mounted on the end face of the inspection device 21. A video camera 
33, together with a lighting arrangement 35, is mounted on the translational rail so as to be 
moveable in translational motion from a burner-side end to a turbine-side end of the annular 
combustion chamber. The video camera 33 and the lighting arrangement 35 are held 
pivotably in an articulated fork 37. The articulated fork 37 is held rotatably on a shank 39. 
[00019] The combination of the translational motion on the translational rail 31 with the 
rotational motion of the shank 39 and the pivoting motion in the articulated fork 37 allows a 
complete inspection of the internal walls 9, 1 1 of the mouth region of the gas turbine burner 
13 and of the first guide-blade row 15. A control and supply arrangement 41 disposed on the 
shank 39 serves for driving the movement for the video camera 33 and the electrical supply 
of the video camera 33 or the lighting system 35. Furthermore, preamplification of the video 
signal may take place in the control and supply unit 41. The video signal is conducted out of 
the annular combustion chamber 5 via a line 43. The' power supply for the control and supply 
arrangement 41 also takes place via the line 43. 

[00020] By using the remote-controlled inspection (device 21, a complete inspection of the 
annular combustion chamber 5, without a complicated covering or uncovering of the annular 
combustion chamber, may be carried out. This results in a considerable reduction in 
inspection time. Furthermore, storable documentation capable of being understood, 
irrespective of location, is made possible by the video detection of the state of the combustion 
chamber. Specialized personnel can thus assess the state of the annular combustion chamber 
5 irrespective of the location of the gas turbine 1. Moreover, progress of wear and 
quantification of the rate of progress of wear are possible by comparison with previous 
inspection:!. The remote-controlled inspection device 21 thus provides, as it were, a three- 
dimensional and time-related mapping of the state of the annular combustion chamber. As 
compared with a hitherto conventional inspection by direct visual inspection, therefore, there 
are entirely new possibilities for quantifying the tjhermally induced wear in the annular 
combustion chamber 5. 

[00021] Fig. 2 shows a top view of an inspection devlice 21. The inspection device 21 has an 
electric motor 45. The electric motor 45 drives two of the wheels 29 via a shaft 47. A power 
supply of the electric motor 45 takes place via a supply line 49. The transmission of video 
images takes place via the line 43, as in fig. 1, the line 43 being connected to an evaluation 
arrangement 51. The evaluation arrangement 51 has a monitor 53 on which the video images 
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can be displayed directly. The evaluation arrangement 51 also has a storage unit 55, via 
which the video images can be stored. Furthermore, video images of previous inspections can 
be retrieved by means of the storage arrangement 55. At the same time, a location- 
synchronized parallel display of current inspection images with previous inspection images 
can be carried out, so that a change in the state of wear becomes immediately visible. A 
power supply arrangement 57 serves for the power supply of the electric motor 45. 
[00022] Fig. 3 shows a further embodiment of the remote-controlled inspection device 21. 
The video camera 33 and the lighting system 35 are introduced into the annular combustion 
chamber 5 via a telescopically extendable rail 61. A 
The rail 61 is C-shaped and can travel around 
combustion chamber 5. The carrying framework 24 



system 35 is either moved through the annular combustion chamber 5 by means of the rail 61 



manhole 63 serves as access in this case, 
half the circumference of the annular 
for the video camera 33 and the lighting 



capable of traveling on the rail 61. 
inspection device 21. In this case, the 
the lighting system 35 is moved through 



or the carrying framework 24 is mounted so as to be 
[00023] Fig. 4 shows a further embodiment of the 
carrying framework 24 for the video camera 33 and 
the annular combustion chamber by way of an articulated arm 71. 

[00024] Tie invention being thus described, it will be obvious that the same may be varied in 
many ways. Such variations are not to be regarded as a departure from the spirit and scope of 



the invention, and all such modifications as would 



be obvious to one skilled in the art are 



intended to be included within the scope of the following claims. 
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Patent claims 

1. A remote-controlled inspection device (21) for an 
annular combustion chamber (5) of a gas turbine 

(1) , having a remotely steerable drive mechanism 

(29, 45, 61, 71), a moveable video camera (33), a 
lighting arrangement (35) , a carrying framework 

(24) for the video camera (33), for the drive 
mechanism (29, 45, 61, 71) and for the lighting 
arrangement (35) , and having means for 
transmitting video images from the video camera 

(33) to an evaluation arrangement (51). 

2. The inspection device (21) as claimed in claim 1, 
wherein the drive mechanism (29, 45, 61, 71) has 
an electric motor (45) and wheels (29), at least 
one of said wheels (29) being capable of being 
driven by the electric motor (45) . 

3. The inspection device (21) as claimed in claim 1 
or 2, wherein the drive mechanism (29, 45, 61, 71) 
has an, in particular, C- shaped rail (61) , by 
means of which the carrying framework (24) is 
capable of traveling. 

4. The inspection device (21) as claimed in claim 1, 
wherein the drive mechanism (29, 45, 61, 71) has 
an articulated arm (71) , on which the carrying 
framework (24) is mounted. 

5. A method for inspecting an annular combustion 
chamber (5) of a gas turbine (1) , wherein a video 
camera (33) is introduced, by remote steering, 
into the annular combustion chamber (5) and is 
pivoted in such a way that video images of regions 
of the internal walls (9, 11) of the annular 
combustion chamber (5) are recorded by the video 
camera (33), said video images being transmitted 
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to an evaluation arrangement (51) positioned 
outside the annular combustion chamber (5) . 
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Abstract 

Inspection device for an annular combustion chamber of 
a gas turbine and method for inspecting an annular 
combustion chamber of a gas turbine 

The invention relates to a remote-controlled inspection 
device (21) for an annular combustion chamber (5) of a 
gas turbine (1) . Inspection takes place by means of a 
video camera (33). Inspection by means of the 
inspection device (21) achieves a considerable 
reduction in the inspection time and an accurate 
documentation of the wear of the annular combustion 
chamber (5) . 



Fig. 1 
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